Background
Introduction
The pacemaker (PM) is standard therapy for bradyarrhythmias [1, 2] and the population with implanted devices continues to grow [3] , PM-related complications such as infection, and cardiac perforation will increase as well [4, 5] . These complications not only result in prolonged hospitalization and increased costs, but also accrue worse outcomes and mortality [6] . For these reasons, many studies have attempted to investigate factors causing PM-related complications by evaluating baseline characteristics, implant procedures, and medications. Among the evaluated risks of the PM-related infection, several risk factors have been reported, such as diabetes mellitus, end-stage renal disease, corticosteroid use, and so on [7] [8] [9] [10] [11] . Although heart perforation is a relatively rare PM-related complication with a reported incidence ranging from 0.09% to 1.2% in the literature [12] , some studies have pointed out certain risk factors for heart perforation such as temporary pacemakers, steroid use within 7 days prior to implantation, and helical screws [13] .
Although a number of studies have reported many risk factors contributing to PM-related complications [13, 14] , most of which being mechanical complications, the relationship between the characteristics of pacemaker leads (in terms of fixation types or insulation materials) and PM-related complications remains unclear. Only a handful of case report studies [15] have mentioned this relationship. Accordingly, this study investigated the relationship between the characteristics of PM leads, fixation type and insulation, and PM-related complications in a large number of patients from a nationwide database
Materials and Methods

Data Source
This retrospective national population-based cohort study was retrieved from the National Health Insurance Research Database (NHIRD) released by the Taiwan National Health Research Institute (NHRI) (http://nhird.nhri.org.tw/en/index.htm). The data of NHIRD contain registration files and original claim data for reimbursement, which were derived from the National Health Insurance Administration, Ministry of Health and Welfare and maintained by the NHRI. The NHIRD contains health care information of the 99.9% of the Taiwanese population (about 23.20 million in 2012) enrolled in the NHI program [16] . Previous studies have described the NHIRD in detail and validated the accuracy of its diagnostic data [17] . The insurance has since 1997 reimbursed all the new implantation, replacement, revision and removal expenses of cardiac implantable electronic devices (CIEDs), with the appropriate indications according to the clinical practice guidelines of the CIED. In addition, the expenses of the insurance include all the generators, CIED leads and physician fees. The original data of the NHIRD are unstructured data, which all the contents are string variables and are not able to be analyzed directly. According to the coded book provided by the NHRI (http://nhird.nhri.org.tw/date_ 02.htm), the original unstructured data were transformed into structured data, which were composed of numeric variables by using SAS Version 9.3 (SAS Institute, Cary, NC). Analyzing statistical analysis becomes feasible when the data are numeric rather than string type.
Study design
In the initial selection of the population set, the patients who received CIED implantation between January 1, 1997 and December 31, 2011 were included (Fig 1) . We excluded patients who received implantable cardiac defibrillators, cardiac resynchronization therapy and cardiac resynchronization therapy defibrillator implantation. Furthermore, patients who received PM with epicardial leads were also excluded in order to reduce the procedure related bias.
Moreover, we excluded patients who received leads with a mixture of silicone and polyurethane as insulation (Optim). Finally, we analyzed the impact of the fixation types or insulation materials of the leads on PM-related complications (Fig 1) .
There were two outcomes specifically evaluated in this study. One was heart perforation that included early and late heart perforation; the other was PM-related infection, which included early and late infection and infection that either needed lead extraction or without lead extraction. This cohort study was followed up for three years after the index date. In the cohort dataset from NHIRD, the patients' original identification numbers have been encrypted to protect their privacy and the encrypted data were for research purposes only. We used NHIRD data set for this study and obtained ethical approval from the Institutional Review Board of Chang Gung Memorial Hospital (101-2055B).
Definitions PM-related heart perforation was defined as a heart perforation treated with heart repair during admission for any implantation procedure, replacement, revision, or removal. Early heart perforation was defined as the events occurring within one month [12] after implantation, while late heart perforation was defined as events developing more than one month after implantation. Pacemaker infection was defined as an infection (S1 Table) that occurred during admission for implantation, replacement, revision, or removal. Early infection was defined as the PM-related infection developing within one year after the new implantation, while late infection was defined as PM-related infection developing more than one year after the new implantation [9] .
The analyzed characteristics of leads were fixation types and insulation materials. In the analysis of fixation type, the population was divided into the three groups of active fixation (screw lead), passive (tined lead) and both-types, which meant that one lead was active fixation and the other was passive fixation in the dual chamber pacemaker. In the analysis of insulation, the population was divided into the three groups of silicone coating, polyurethane coating and both-coating which meant that one lead had a silicone coating and the other a polyurethane coating in the dual chamber pacemaker.
Statistical Analysis
The clinical characteristics of the study participants are presented as number and percentage for categorical variables or as mean and standard deviation for continuous variables. The association between study groups (different fixation types and insulation types) and early heart perforation was examined using multivariable logistic regression analysis. The three-year eventfree survival rates of late heart perforation and PM-related infection among the study groups were compared using a multivariable Cox proportional hazard analysis. The results are presented as an adjusted odds ratio (OR) for logistic regression or adjusted hazard ratio (HR) for Cox regression with its corresponding 95% confidence intervals (CI). To rule out the confounding effects, both logistic and Cox regression analyses were performed with adjustment of patient's characteristics, such as gender, age group, hospital level, device type, diabetes mellitus, liver cirrhosis, obstructive lung disease, chronic kidney disease, heart failure, hypertension, coronary artery disease, malignant neoplasm, antibiotics use, steroid use, and combination of warfarin and antiplatelet use. Data analyses were conducted using SPSS software version 15.0 (SPSS Inc., Chicago, IL, USA).
Results
Patient Characteristics
There were 36,104 PM patients with the mean age of 73.4 years (SD = 12.5 years) (range: 8 years to 105 years) were enrolled in this study and the majority of the population were older than 70 years. When the population was divided into three groups according to the fixation types, pacemakers with only active fixation leads were implanted in 3,766 patients, with only passive fixation leads in 29,250 patients, and with both fixation leads in 3,088 patients (Table 1) . When the population was divided into three groups by different insulation of leads, the pacemakers with silicone-coating leads were implanted in 29,453 patients, with polyurethane-coating leads in 3,140 patients, and with one silicone-coating and the other polyurethane-coating leads in 3,511 patients (Table 1 ). There were similar distributions in age-scale, gender, comorbidities in each group and nearly all patients were prescribed intravenous antibiotics during the procedures. Furthermore, in the passive fixation group, most of the patients received a single chamber PM, while in the active fixation group, most received a dual chamber PM. Pacemaker-Related Heart Perforation
Regarding early heart perforation, during the 14-year study period, there were 22 heart perforation (0.06%) events. In the multivariable logistic regression analysis, the incidence of early heart perforation was not significantly different between groups with different fixation methods, and there were also no significant differences between groups with different insulations (Table 2) . Regarding the late heart perforation, the incidence of complications did not differ year by year according to the new implant year (S2 and S3 Tables). In the 3-year follow-up period, the incidence of late heart perforation was 0.04% (11 out of 26,047). The cumulative incidence of late heart perforation did not differ for the different types of fixation (Fig 2 and  Table 3 ) and insulations (Fig 3 and Table 4 ).
Pacemaker-Related Infection
During the 3-year follow-up period, the incidence of PM-related infection was 0.67% (175 out of 26,047). In the multivariable Cox-regression analysis, the PM-related cumulative infection The odds ratios (OR) were adjusted for all covariates listed in Table 1 .
rate was significantly lower in the active fixation group compared to either the both fixation group (OR, 0.23; 95% CI, 0.07-0.80; P = 0.020) or the passive fixation group (OR, 0.26; 95% CI, 0.08-0.83; P = 0.023) (Fig 2 and Table 3 ). In the subgroup analysis, the active fixation group had a lower early PM-related infection rate and a lower rate of PM-related infection that required lead extractions compared to either the both fixation group or the passive fixation group (Table 3) . Moreover, there was no late infection (0%) in the active fixation group compared to 0.20% in the both fixation group and 0.22% in the passive fixation group (Table 3) . Regarding the insulations, the types of lead insulation had no impact on the cumulative incidence of PM-related infection (Fig 3 and Table 4 ). In the subgroup analysis, the insulation types of leads also did not differ in terms of the incidence of early and late infection and infection that required lead extraction or infection without lead extraction (Table 4) .
Discussion
This is the first study to investigate the impact of characteristics of leads on the major PM-related complications. In this nationwide cohort study, there was no difference in heart perforations between active and passive fixation leads. The active fixation leads were associated with reduced risk of pacemaker-related infection.
Pacemaker-Related Heart Perforation
In the literature, most reported heart perforation events occurred in implantable cardiac defibrillator [18] patients with the correlation between heart perforation and lead characteristics usually being studied in implantable cardiac defibrillator patients [19] . In PM patients, no large cohort study has ever been conducted to investigate the clinical impact of lead characteristics on heart perforation, except for some series of case reports [12, [20] [21] [22] . In general, the active fixation type was reported to be a risk factor of PM-related heart perforation [13, 21, 22] . Furthermore, other than the patient's characteristics, other reported risk factors for PM-related heart perforation include the location of lead tip [22] , temporal pacemaker lead [14] , and the operator experience. Although the details of procedures, such as tip location, were not available in this study, some case control studies showed that the location of tip had no statistically significant impact on The hazard ratios (HR) were adjusted for all covariates listed in Table 1 .
incidence of heart perforation [13, 22] . In this study, we evaluated the relationship between the characteristics of leads and heart perforation after adjusting for all patient characteristics, medication, and operator's volume, and we found that both the fixation type and insulation materials of leads did not differ in the incidence of either early or late heart perforation.
Pacemaker-Related Infection
Pacemaker-related infection has attracted more attention and many studies have investigated the risk factors of PM-related infection. In some research, PM-related infection was subgrouped into early and late infection and risks related to early and late infection were found to be different [23] . Among the well-known risks [7] [8] [9] [10] [11] [23] [24] [25] all procedure-related factors contributed to the early PM-related infection and some comorbidities were associated with late infection. Unfortunately, the characteristics of leads have been paid scant attention in PMrelated infection. In our study, we investigated the relationship between the characteristics of lead and early/late infection and whether or not the infection necessitated lead extraction. We found that the majority of PM-related infection events were early infection, and the PM-related cumulative infection rate was significantly lower in the active fixation group compared to the both fixation group and the passive fixation group. In the subgroup analysis, the active fixation group had a lower early PM-related infection rate and a lower rate of PM-related infection that required lead extraction compared to either the both fixation group or the passive fixation group. Other than active fixation leads, we could not exclude some procedure-related risk factors that might have impacted on PM-related infection. However, we were unable to obtain the details of the procedure in this insurance database. Further studies are thus warranted to examine the biological mechanisms of our observations. 
Limitations
This retrospective analysis bears the inherent limitations of these types of studies. One major limitation was that procedure details could not be obtained, since data were from an insurance system where diseases were classified according to ICD-9 code (Table 1) , and payment was just made according to procedure type. Therefore, procedure-related variables, which might affect the early complications, could not be analyzed, thus possibly introducing some bias. In the analysis of the early infection, such issues did in fact exist. Further study should be conducted to confirm these observations that included procedure details in the analysis. Another limitation is that the severity of the complications could not be obtained in this insurance database, and some complications may have been underestimated. Nevertheless, the complications requiring treatment were more important clinically than those that required no therapy.
Conclusions
In bradyarrhythmic patients, there was no difference in heart perforations between active and passive fixation leads, and active fixation leads were associated with reduced risk of pacemaker-related infection.
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